Performance Gain Evaluation from High Speed Packet Access Evolution (HSPA+)  by Luzio, Ana Rita et al.
 Procedia Technology  17 ( 2014 )  720 – 727 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of ISEL – Instituto Superior de Engenharia de Lisboa, Lisbon, PORTUGAL.
doi: 10.1016/j.protcy.2014.10.203 
*Rita Luzio, João Gomes Tel.: (+351) 966527690 
  E-mail address: [31603; 31944] @alunos.isel.ipl.pt 
Conference on Electronics, Telecommunications and Computers – CETC 2013 
Performance Gain Evaluation from High Speed Packet Access 
Evolution (HSPA+)  
 
Ana Rita Luzioa, João Venturinha Gomesa, Pedro Vieira a,b 
 
a Instituto Superior de Engenharia de Lisboa(ISEL),, Rua Conselheiro Emdio Navarro, 1, Lisboa 1959-007, Portugal 
b Instituto de Telecomunicações (IT), Av. Rovisco Pais, 1, Lisboa 1049-001, Portugal 
 
Abstract 
This paper presents a study on the HSPA+ technology and the impact it have on today's mobile communication 
networks. To this end we study how to use features such as MIMO (Multiple Input Multiple Output) and HOM 
(Higher Order Modulation) and how they can increase the data rate transfer per user. The extracted results show that 
we can increase the data transmission rate by varying the configuration of antennas and the modulation type, 
obtaining the maximum theoretical order of 43.8 Mbps and 23 Mbps in Downlink (DL) and Uplink (UL), 
respectively using 4x4 MIMO and 64-QAM (Quadrature Amplitude Modulation) modulation. These results are 
obtained based on the direct application or manipulation of existing models and integrated in a simulator 
implemented for this purpose. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The main goal of HSPA + is to improve Universal Mobile Telecommunications System (UMTS) performance 
by increasing the peak rates of data transfer, reducing latency, increasing capacity and adapting to the requirements 
of chat services and real-time interaction. In order to support these improvements, HSPA+ makes use of the 
following resources: 
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• High Order Modulation (HOM );  
• Multiple Input Multiple Output (MIMO); 
• Multicarrier; 
• Continuous Packet Connectivity (CPC); 
• Improved Layer-2; 
• Increased state CELL_FACH; 
 
These improvements were gradually introduced in each release launched by 3GPP.The use of HOM modulation 
allows users to enjoy higher data rates under favorable propagation conditions. In Release 6, QPSK and 16-QAM 
(16-Quadrature Amplitude Modulation) modulations were supported for DL and UL. With the introduction of 
HSPA+ in Release 7 64-QAM modulation in DL is now supported, leading to a bit rate increase of 50% from 14 
Mbps to 21 Mbps. For UL, 16-QAM modulation was introduced, which allows a maximum data rate of 11.5 Mbps, 
that is, an increase of 100 % over the 5.74 Mbps used in the previous QPSK (Quadrature Phase-Shift Keying) 
version. 
In addition to using other types of modulation to increase the data rates, these may also be increased with the use 
of MIMO systems, that is, broadcast on multiple transport blocks using multiple antennas in parallel for a single 
user, using the advantages of spatial multiplexing. Using multipath it is possible to obtain greater reliability and 
spectral efficiency without using too many resources in the radio link. 
The requirements for the Mobile Terminal (MT) and Base Station (BS) equipment are constantly been improve 
to increase system performance and with the introduction of HSPA+ Release 7 of 3GPP it the antenna diversity and 
combining equalizers were introduced. Although the main objective of HSPA+ was to focus on higher data transfer 
rates, other factors were improved as the battery lifetime for the MT through Continuous Packet Connectivity 
(CPC). Users were connected and able to receive packet data over a longer time without significantly degrading the 
MT’s battery. The user after some time without uploading data changes status to inactive, but is nevertheless fully 
connected, allowing faster and state transition when a new data transfer is requested. Furthermore, strengthening the 
Cell_FACH allowed a reduction of 50% in the time of transition between states (active and inactive). 
These features work together to offer a very good user experience and are able to serve the most varied uses in 
the mobile network. The use of HSPA+ has a major advantage, since it can be applied on existing UMTS networks.  
With the 3GPP evolution in specification, there is constantly an enhancement on data transfer, as well as on the 
technologies used to achieve this. The HSPA+ in their last Release 10 managed to achieve data rates of about 168 
Mbps in DL and 23 Mbps in UL, using technologies such as MIMO 2x2, multicarrier aggregation bandwidth of 20 
MHz, 64-QAM in DL and 16-QAM in UL. The paper is organized as follows: a theoretical explanation of the three 
main improvements discussed: HOM, MIMO and Multicarrier followed by models and practical results which will 
be used for the conclusion.  
2. HSPA+ features and performance 
2.1. High Order Modulation 
The digital modulation scheme determines how the bits are mapped and how they are transmitted in phase and in 
amplitude. Each bit sequence is mapped to a modulation symbol whose amplitude and phase corresponds to one of 
the constellation points. The number of bits transmitted per modulation symbol is described as follows: 1 for BPSK 
(Binary Phase-Shift Keying), 2 for QPSK, 4 for 16-QAM, and 6 for 64-QAM. Therefore, higher order modulation is 
the largest bit rate peak data for a particular symbol. The best combination of modulation and coding rates for a 
given SNR is determined by Modulation and Coding Scheme (MSC) tables, which leads to a peak data rate limited 
due to the use of higher modulation and the smaller amount of coding as possible, to each value of SNR. The use of 
modulation type HOM causes the user to experience bit rates significantly higher in favourable radio propagation 
conditions, see Fig. 1. 
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Fig. 1. Evolution of data rates in UL and DL associated with different systems [3] 
2.2. Multiple Input Multiple Output 
The use of MIMO systems is to use M transmission antennas and N receiving antennas as shown in Fig. 2. 
 
 
 
Fig. 2. Configuration of antennas for SISO, SIMO and MIMO [1]. 
 
The standardization system of transmitting multiple layers is a prerequisite, since with knowledge of the 
properties and channel coding scheme, the receiver is able to separate the multiple data streams. The MIMO scheme 
for HSPA + is chosen based on the pre-classification adaptive coding and multi-codeword transmission, so each 
layer takes place separately from the transport block and adapts to channel conditions. The principle of multi-
codeword is to enable transmitting two encoded streams separately to a MT in order to facilitate the use of receiver’s 
successive interference cancellation, which should increase the performance compared to linear receivers such as the 
Minimum Mean Square Error (MMSE). Before transmitting data, the spreaded modulated signal is weighted 
spatially, which means that the data streams are separately transmitted using different weights for transmission. The 
pre-coding has as main advantage in the fact that even when one transport block is transmitted, two power 
amplifiers are loaded and therefore, when two streams are transmitted, each stream contains the same channelization 
code. With the introduction of HSPA+ in Release 7, MIMO was set for the transmission of two streams (2×2 
MIMO) in DL and used 16-QAM for each flow, and thus can be achieved peak data rates  up to 28 Mbps. The 
maximum theoretical data rate is 42 Mbps, with the combination of MIMO and 64-QAM modulation, and is being 
considered in Release 8. 
2.3. Multicarrier 
Operators have access to multiple adjacent frequency bands that can make efficient use of the spectrum, using 
several carriers operating at 5 MHz in a coordinated manner, see Figure 3. The use of multicarrier is frequently used 
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added with the implementation of 2x2 MIMO, since a configuration with two carriers and 64-QAM modulation has 
considerably better performance, increasing by 2 times the bit rate. 
 
 
 
Fig. 3. Schematic of the operating mechanism of multicarrier (4x5MHz) in HSPA+. [3]. 
3. Models and simulator description 
3.1. Single user model 
The development of a Single User Model was made in order to evaluate the performance of HSPA+ technology 
for a specific set of characteristics and parameters, such as: 
 
• Power transmission and reception of the BS and MT; 
• BS and MT antenna gains; 
• Frequency; 
• Bandwidth; 
• Type of modulation; 
• MIMO system configuration. 
However, other parameters were considered in the Link Budget, as losses related to users or cables, noise 
figures, and diversity gains. Because it is a Single User Model, the user enjoys the maximum resources offered by 
the network and a single-stage scenario. Consider that the radio channel conditions are perfect, without interference 
from internal or external factors or increase noise and is therefore an optimistic model, adapted for the best possible 
connection. The pathloss is obtained by the Link Budget and propagation model COST231 Walfish-Ikegami [4], 
resulting in the equation 1: 
               dBrmdBrtdBdBdBmRdBmRdBmdBP LLLMGPEIRPL  0                           (1)
                                 
where L is the median pathloss, EIRP is Equivalent Isotropic Radiated Power, PR is power available at the receiving 
antenna, GR is the receiving antenna gain, M is total margin, L0 is free space loss, Lrt is rooftop-to-street diffraction 
loss and Lrm approximation for the multi-screen diffraction loss. It is considered that the maximum distance between 
the BS and the MT cell radius is obtained by equation 2: 
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where LCOST231 is the COST231-W-I maximum allowable propagation loss and kd is dependence of the multiscreen 
diffraction loss versus distance.  
SINR and data rate simulations are obtained using the models developed in [1] and vary with the type of 
modulation and used MIMO system. 
3.2. Relative MIMO Gain model (RMG) 
In order to observe the improvements in network capacity using MIMO compared to SISO (Single Input Single 
Output) systems, we used the RMG model developed by [2]. RMG is defined as the ratio between the capacity of 
MIMO and SISO (see equation 3) in a radio link and is a statistical model developed to approximate its distribution 
based on simulation results.  
 
SISO
MIMO
M C
CG
S
                    (3)  
Equation 4 presents the inverse of the distribution that allows us to get a statistic about actual RMG modeling,   
  
u
uNNdNNdug RT
RMG
RTRMGRMGRMG
)1ln(),,(3),,(),,(
2  
            (4) 
Where u is a random value with a Uniform normalized distribution, 𝝈𝑹𝑴𝑮𝟐  is the variance, depending on the cell-
type and on the number of Tx and Rx antennas and 𝝁𝑹𝑴𝑮(𝒅,𝑵𝑻,𝑵𝑹) is the average value, also depending on the 
distance (d) and on the number of Tx and Rx antennas. The values of, 𝝈𝑹𝑴𝑮𝟐   e  𝝁𝑹𝑴𝑮 are tabulated in Tables II, III 
and IV in [2]. 
3.3. Simulator Description 
A simulator was developed using MATLAB© with the aim of analyzing the system performance using different 
configurations. For this purpose, the two models were incorporated and described in sections 4.1 and 4.2. The main 
outputs of the simulator are: 
 
• Variation in the data rate using different configurations such as the type of modulation and antenna system; 
• RMG Variation according to the distance, antenna system and cell type; 
• Calculation of the cell radius and SNR. 
 
The user can calculate certain parameters and observe specific graphs separately, without having to fill all 
configurations present in the simulator, as in the case of RMG. However, the option is available to generate the 
radius of the cell, pathloss, SNR (Signal-to-Noise Rate), for both DL and UL, to the fully filled configuration.  
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4. Results 
Concerning the user profile, the pedestrian type was considered. The following parameters are presented in Table 
1 and are used to calculate the Link Budget. 
Table 1. Default values used in HSPA+ link budget ([4]). 
Parameters DL UL 
Maximum transmission power EB [dBm] 44.7 - 
Maximum power transmission MT [dBm] - 24 
Frequency [MHz] 2210 1920 
Modulation Type QSPK, 16-QAM e 64-QAM 
Bandwidth [MHz] 5 
MIMO configuration SISO e MIMO 
Antenna gains EB dBi] 18 
Antenna gains MT [dBi] 1 
Cable losses [dB] 2 
Users losses [dB] 1 
Noise Figure [dB] 9 5 
Gain Diversity [dB] - 2 
 
Figure 4, relates the size cell radius with the type of link. In DL, the cell radius is reduced about 15% when the 
modulation changes for 16-QAM to 64-QAM. The reduction in the UL cell radius turns out to be practically equal in 
proportion to what happens in DL, when there is a change from QPSK modulation to 16-QAM. This is due to the 
fact that when using the most demanding modulation a higher SNR is required and so the cell radius will decrease. 
 
Fig. 4. HSPA+ cell radius variation for different antenna configurations 
 
Figure 5 depicts the DL data rate curves as a function of SNR value, for some variations in the configuration of 
antennas and modulation. By using MIMO along with HOM , including 2x2 MIMO and 64-QAM, we can observe 
that quite interesting data rates are reached even for low SNR, up to 40 Mbps. Note that for 10 dB SNR the systems 
have similar behaviors. The same analysis was done for UL, but varying only the type of modulation between QPSK 
and 16-QAM. This values are based in an existing model therefore are conditioned by the parameters of the model 
which explains the fact that the practical values sometimes exceed the theoretical ones. 
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Fig. 5. Throughput as a function of SNR in DL. 
 
Relative MIMO gain is dependent on the number of transmit and receive antennas and is given for multiple types 
of cells. Another important factor of influence on the relative MIMO gain is the distance between the receiver and 
the transmitter. In Figures 6(a) and 6(b) has been showed the relationship between this two factors, distance and 
number of antennas, for pico and micro cells, respectably. In both systems the relative MIMO gain is the highest 
curve, which corresponds to the antenna system with the highest number of antennas. The relative MIMO gain in the 
pico-cell reaches its maximum at 30m and afterwards stays more or less constant until it enters the micro-cell 
boundary (distances greater than 57 meters). In the micro-cell scenarios, the relative MIMO gain decreases rapidly 
with the distance, which was expected given the characteristics associated with using multiple antennas. 
 Regarding the advantages that we can get are dependent on the distance between the BS and MT and the type of 
system used, except the 2x2 system in the RMG does not depend on any of these factors and therefore has a more 
stable performance. 
 
 
 
(a) RMG variation in picocells     (b) RMG variation in microcells  
Fig. 6. RMG variation for different antenna systems in picocells 
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5. Conclusions 
The main goal of this paper is to evaluate the performance of HSPA + with particular attention to the capacity 
gains. Using simulation models developed for low complexity, several conclusions could be drawn. The cell radius 
is smaller for higher transmission rates, which was expected, since it is required higher SNR values. With the use of 
MIMO, the cell radius can increase by approximately 30% (for 64-QAM and 15 Mbps) and 10% (using QPSK and 7 
Mbps) in DL and UL, respectively. Regarding RMG, it depends on the antenna array used in the connection setup. 
Using a greater number of antennas, the RMG will be higher. Comparing with LTE, the latest technology turns out 
to be superior, but with no significant edge. The two technologies currently work in parallel and this scenario is 
likely to maintain in the near future. Some estimates predict that there will be about 2.5 billion HSPA subscribers by 
the end of 2016, taking advantage of the existing 478 commercial networks, of which 240 are HSPA+ for 181 
different countries. 
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